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Objective: To investigate the efﬁcacy and feasibility of progressive explosive-type resistance training (RT)
in patients with osteoarthritis (OA) of the hip scheduled for total hip arthroplasty (THA).
Method: Randomized controlled trial (1:1) in patients diagnosed with hip OA and scheduled for THA. The
intervention group (IG) performed supervised preoperative progressive explosive-type RT twice a week
for 10 weeks; four exercises (hip/thigh) performed in three series each (8e12 repetition maximum). The
control group (CG) received ‘care as usual’.
Efﬁcacy was reported as the between-group difference in the Hip Osteoarthritis Outcome Score (HOOS)
(primary endpoint; ADL function), and leg muscle power at post intervention follow-up immediate
before surgery. Intention-to-treat analyses were performed in a multilevel regression model adjusting for
baseline, sex, age and weight. Feasibility was reported as adherence, exercise related pain and adverse
effects. Post-surgical follow up will be reported separately. ClinicalTrials.gov registration: NCT01164111.
Results: Eighty patients (age 70.4 ± 7.6 years, BMI 27.8 ± 4.6, 52 females (65%) were included. Adherence
was high (93%) with acceptable exercise related pain (VAS score  5) reported in 83% of sessions and no
adverse events. Changes in HOOS ‘function’ was 10.0 points 95%CI [4.7; 15.3] higher in IG compared to CG
(P < 0.001). For all the remaining HOOS subscales IG scored signiﬁcantly better (P < 0.03) and had higher
leg extension muscle power (P < 0.0001) compared to CG.
Conclusion: Progressive explosive-type RT was feasible in the included group of hip OA patients
scheduled for THA and resulted in signiﬁcant improvement in self-reported outcomes and increased leg
muscle power.
© 2015 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Osteoarthritis (OA) of the hip is associated with pain, loss of
function and impaired leg muscle function1e6. Despite functional
improvements total hip arthroplasty (THA), sustained loss of
physical function and muscle strength are reported after sur-
gery4,7,8. Enhancing the physical function and improving muscle
strength before surgery may be of importance since the level ofo: A. Hermann, Orthopedic
ej 75, 2750 Herlev, Denmark.
n).
ternational. Published by Elsevier Lphysical and legmuscle function prior toTHA have been reported as
signiﬁcant predictors for postoperative outcome in hip OA
patients9,10
Still, the current evidence is limited by low number of studies
with heterogenic interventions11. Based on meta-analysis a me-
dium size effect of preoperative ‘exercise therapy’ has been re-
ported on preoperative self-reported function in hip OA, while the
postoperative effects and their implications in relation to THA
remain uncertain11e13. Concerns has been raised according to the
content of the exercise programs and their therapeutic validity, in
particular according to the intensity and progression of training11,13.
These considerations are supported by a resent systematic review
of progressive resistance training (RT) in relation to jointtd. All rights reserved.
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containing progressive RT14,15. The study indicated that progressive
RT of low velocity did improve post-operative physical functioning,
however since the intervention group received the intervention
both before and after surgery it was not possible to determine the
isolated effect of the preoperative intervention14,16.
Interventionwith explosive-type RT (RT exercises with maximal
intentional acceleration of the load through the concentric phase)
is reported to increase muscle power compared to conventional
progressive RT in healthy elderly, which is currently being recom-
mended for the improvement of ADL functions in elderly and very
old17e22.
In hip OA patients postoperative explosive-type RT applied after
THA has shown its efﬁcacy to optimize leg muscle power/strength
and physical functioning5,23e25. However, to our knowledge, pro-
gressive explosive-type RT has not been investigated as a preop-
erative intervention in patients with hip OA.
Feasibility may be of importance for the efﬁcacy of strenuous
exercise interventions in symptomatic hip OA Feasibility in terms of
exercise related pain has been reported in relation to preoperative
neuromuscular exercise in hip and knee OA prior to total joint
replacement, but it remains unclear whether a strenuous exercise
program with explosive-type RT is feasible in late stage hip OA26.
Thus, the purpose of the present paper was to evaluate the ef-
ﬁcacy of intervention with preoperative explosive-type RT on self-
reported ADL function compared to care as usual, as the primary
endpoint. Secondary endpoints were; changes in self-evaluated
pain/symptoms/sports and recreational function and hip related
quality of life in addition to leg extension power compared to care
as usual, which were investigated as explorative outcomes. The
feasibility of the exercise program was reported in terms of
adherence, exercise related pain, drop-outs and adverse events.
It was hypothesized that a preoperative intervention program
with progressive explosive-type RT of medium to high intensity
(~80% of one repetition maximum) for a duration of 10 weeks with
two weekly training sessions was efﬁcient with regard to improve
preoperative physical functioning and muscle function.
Methods
Study design
The study was designed as a prospective, randomized (balanced
1:1) clinical trial following the CONSORT guidelines27. It was
approved by the by the Ethical Committee (Region of Copenhagen,
identiﬁer: H-4-2010-034) and conducted in accordance with the
Helsinki Declaration II. The study was initially registered in Clin-
icalTrials.gov (identiﬁer: NCT01164111) with primary endpoints
HOOS subscales (function, pain, symptoms, sport/recreation and
hip related quality of life) (12 months post-surgery). Before
randomization of the ﬁrst patient, the multiple primary endpoints
were changed to one single primary endpoint (‘HOOS function’).
The rationale for this change was to avoid multiplicity and improve
the comparison of intervention effects with a previous high quality
RCT using similar endpoint28,29. Consequently the sample size
calculation used in the study protocol was based on the clinical
relevant difference of ‘HOOS function’29. By mistake the change of
primary outcome applied to the study protocol prior to initiation of
the study was not registered by the ClinicalTrials.gov until it was
recognized after the completion of the trial. However, since the
study protocol was changed before the initiation of the trial, the
modiﬁcation of endpoints was independent of data and as such not
a change during the trial. Additionally, all HOOS subscales were
included in the later analysis. Post-operative results will be re-
ported separately as this article solely reports on the feasibility andefﬁcacy of 10 weeks of explosive-type RT in hip OA patients
scheduled for THA prior to surgery.
Eligible participants were: All patients diagnosed with primary
hip OA aged 50 years or older, scheduled for THA at the Department
of Orthopaedic Surgery, Herlev University Hospital, Copenhagen,
Denmark.
Participants
Exclusion criteria were: Rheumatoid arthritis and other types of
arthritis not diagnosed as OA, uraemia, cancer, treatment with sys-
temic glucocorticoids >3months the last 5 years with a dose5mg,
present or previous hip fracture (either side), other lower extremity
fracture within 1 year prior to inclusion, body weight > 135 kg, se-
vere walking deﬁcits (dependency of two crutches or walker for
mobilization), or not speaking Danish language.
The inclusion took place in the Department of Orthopaedic
Surgery, Herlev University Hospital, Copenhagen, Denmark. Pa-
tients were diagnosed and scheduled for surgery by the hip sur-
geons. All primary hip OA patients scheduled for THA were
registered and contacted by the principal author for eligibility.
Study-information was given in oral and written form. All partici-
pants gave informed written consent.
Randomisation
Allocation was conducted by the principal author after baseline
assessment using sequences of opaque sealed envelopes. A com-
puter generated randomization sequence was used and sequen-
tially numbered closed envelopes containing allocation was
produced by a person not otherwise afﬁliated with the study and
concealed from the person enrolling the patients.
The intervention group
The intervention group attended a supervised preoperative
progressive explosive-type RT program twice a week for 10 weeks
at the Department of Physiotherapy, Herlev University Hospital,
Copenhagen, Denmark. The program was initially tested in a pilot
group which necessitated minor adjustments and exclusion criteria
(exclusion of severe walking deﬁcits).
Intensity
Each session lasted 1 h. Ten minutes of warm-up on a stationary
bike was followed by a random circle sequence of four RT exercises
performed unilaterally on training machines: Hip extension per-
formed in forward standing position and knee extension, knee
ﬂexion and leg press in a seated position. Exercises were executed
in three series of 8e12 repetitions each. To apply with the princi-
ples of explosive-type RT the participants were instructed to
complete the concentric phase of the movement ‘as fast as
possible’, then pause brieﬂy, and complete the eccentric phase of
the movement in approximately 2e3 s21. Measurements of the
velocity during the concentric phase was not applicable, however
the quality of the explosive component of the exercise was super-
vised by the physiotherapists throughout the intervention period.
Progression
The participants were encouraged to perform the maximum
number of repetitions possible within each series. If the number of
repetitions was below 8 or exceeded 12, the loading was adjusted
for the next series. The individual progression for each participant
was supervised by experienced physiotherapists.
Training groups consisted of up till eight patients supervised by
two physiotherapists. Similar to the control group, the intervention
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was scheduled within a week after completion of the program.
The control group
The control group received ‘care as usual’, which besides the
standardized pre-operative information by the hip surgeon,
included a meeting at the Department of Orthopaedic Surgery held
by nurses and physiotherapists and a handout suggesting low-
intensity home-based training program without speciﬁc RT exer-
cises. The time between inclusion and surgery in the control group
reﬂected actual time-to-surgery which was 1 month according to
the treatment guarantee in the Danish Public Healthcare System.
There were no restrictions in engaging exercise programs outside
the study.
Outcome measures
Feasibility and compliance
The musculoskeletal pain before and immediately after exer-
cise was registered at each training session. The delayed onset of
muscle soreness the following day was registered when the pa-
tient attended the next training session. Pain was assessed using a
continuous visual analogue scale (VAS) with 0 being no pain and
10 worst imaginable pains. Pre-deﬁned cut-off points for
“acceptable” pain were applied; ‘safe’; VAS  2, acceptable;
2 < VAS  5 and ‘high risk’; VAS > 526,28,30. Participants were
informed that delayed onset of muscle soreness after training was
expected. However, pain the day after training should not exceed
the individual ‘normal’ pain level. If scores exceeded these limits
the training intensity was decreased on the following session.
Drop-outs and adverse events deﬁned as medical illness,
musculoskeletal injury or cancelled sessions due to pain and/or
injury were registered. Adherence to training was registered from
the participants training protocols (deﬁned as number of sessions
attended vs number of planned sessions according to protocol in
per cent). Good compliance was a priori deﬁned as an individual
attendance to training of 80% or higher corresponding to 8 weeks
of full training.
Efﬁcacy
Outcome measures were collected at: 1) Baseline (T0) and 2) at
preoperative follow-up (T1) after intervention (1e7 days before
surgery).
Primary endpoint
The ‘ADL function’ subscale of the Hip disability and Osteoar-
thritis Outcome Score (HOOS)31 was deﬁned as primary endpoint.
HOOS is a patient reported questionnaire and includes WOMAC
(Western Ontario McMaster osteoarthritis score) Osteoarthritis
Index LK 3.032. HOOS has good reliability in hip OA patients and has
been tested regarding construct validity and responsiveness31,33,34.
Secondary endpoints
Patient reported outcomes
The HOOS subscales ‘Other symptoms’, ‘Pain’, ‘Sports & Recre-
ation function’ and ‘Hip related Quality of Life’..
Muscle power
Leg extension muscle power (Watt) was measured by the Not-
tingham Power rig (Nottingham University, Nottingham, UK) and
adjusted for bodyweight35. Muscle powerwas tested for agreement
(within-subject coefﬁcient of variation (CVwithin-subjects))andreliability (intraclass correlation coefﬁcient (ICC)) in a test-retest
study with13 hip OA patients scheduled for THA, meeting iden-
tical inclusion and exclusion criteria as the intervention study36.
Participants were measured twice with 7e10 days between mea-
surements. Good agreement (CVwithin-subjects ¼ 6.3%) and excellent
reliability (ICC ¼ 0.97) was observed on unaffected leg whilst
moderate agreement (CVwithin-subjects ¼ 15.7%) and good reliability
(ICC ¼ 0.84) was observed on the affected leg.Procedure for data collection
The initial seating position was registered and maintained for
the following tests. Standardized instructions and verbal encour-
agement was given by the assessor. Both legs were tested sepa-
rately and trials were continued until no further increase was
observed. Best attempt was used for statistical analysis.Sample size
A ‘clinical relevant change’ was deﬁned as 10 points on the
HOOS ‘ADL function’ sub scale28. In order to identify such a differ-
ence the calculated group size was n ¼ 37 (given a power of 0.80,
signiﬁcance level a ¼ 0.05, and standard deviation (SD) ¼ 15). A
group size of 40 for each group was chosen to compensate for loss
to follow-up.Statistics
Agreement and reliability of leg extension muscle power:
CVwithinsubjects ¼
SD
X
 100; where X ¼ X test  X retest
2
ICC was interpreted as the proportion of the total residual
variance that is due to the residual variability between subjects and
based on one-way analysis of variance.Efﬁcacy
Outcomes at baseline and follow-up were reported in mean
(SD). The primary analysis was intended-to-treat and involved all
patients randomly assigned. Adjusted between group differences
mean (95%CI) was analysed using a multilevel random effects
model (STATA xtmixed) adjusting for baseline, group, sex, age and
BMI Maximal likelihood estimation was applied to the model for
the handling of missing data based on the assumption of missing at
random. Reasons of missing data did not indicate otherwise. Model
assumptions regarding variance homogeneity (standardized re-
siduals plotted against predicted values) and Gaussian distribution
of the standardized residuals (quantile-quantile-plots) was checked
for each variable and was fulﬁlled. A two-sided P-value of 0.05 was
set as signiﬁcance level providing evidence against the null
hypothesis.
Effect size was reported as Hedges g deﬁned as the standardized
mean difference (D) with a correction factor to adjust for bias in
smaller sample size:
g ¼ D

1 34ðNiþNcÞ9

; Where D ¼ meanðinterventionÞmeanðcontrolÞSDðpooledÞ
and Ni and Nc are the numbers in the intervention and control
groups.
Indexes for small, medium and large effects was applied as
proposed by Cohen, 199237. Software used for statistical analysis:
STATA 11.1, StataCorp, Texas, USA.
Fig. 1. The CONSORT ﬂowchart of the study.
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Eligible participants were recruited from April 2011 to June
2012 [Fig. 1]. The 80 patients being randomized were aged
70.4 ± 7.6 years at baseline and 65% (n ¼ 52) were female (Table I).Table I
Baseline characteristics for participants. Data are x±SD
All patients
(n ¼ 80)
Control
(n ¼ 40)
Intervention
(n ¼ 40)
Female gender (N) 52 25 27
Age (years) 70.4 ± 7.6 70.8 ± 7.5 70.0 ± 7.7
Weight (kg) 77.4 ± 15.0 76.5 ± 13.5 78.3 ± 16.5
Height (m) 167 ± 9 167 ± 10 167 ± 9
BMI (kg/m2) 27.8 ± 4.6 27.4 ± 3.8 28.2 ± 5.3Three patients were lost to follow-up: One patient (control)
dropped out after baseline due to unwillingness to further testing
and one patient (intervention) dropped out between baseline and
start up of intervention due to the delay of surgery in the inter-
vention group compared to care-as-usual. One patient (inter-
vention) was excluded due to medical illness not related to the
study (pneumonia). There were no differences between groups
regarding any of the patient's characteristics. Thirty eight patients
(95%) completed the 10 weeks of intervention. The 130 eligible
patients unwilling to participate were on average 70.5 ± 8.2 years
old and 58 % were female. The primary reason to decline partici-
pation (42%) was delay of surgery beyond the 1 month treatment
guarantee.
Mean time between baseline and follow-up was 10.5 weeks for
the intervention group and 3.5 weeks for the control group.
Table III
The effect size of explosive-type resistance training on patient reported outcomes
and leg extension power expressed by Hedges's g
Outcomes Pooled SD Hedges g (95%CI)
Primary outcome HOOS
ADL function 13.1 0.8 (0.3e1.3)
Secondary outcomes HOOS
Pain 13.6 0.6 (0.2e1.1)
Symptoms 17.5 0.6 (0.2e1.1)
Sports & recreation 16.5 0.6 (0.2e1.1)
Hip related QOL 15.0 0.4 (0.0e0.8)
Secondary outcomes leg extension power
Affected side (Watt/Kg) 0.65 0.6 (0.2e1.1)
Unaffected side (Watt/Kg) 0.75 0.5 (0.1e1.0)
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Feasibility of intervention
The average adherence to sessions was 93 % and all patients
completed with an attendance 80%. VAS  5 immediately after
training was reported in 95% of the sessions while VAS  5 within
training day and the following day was reported in 83% of the
sessions. Immediate exercise related musculoskeletal pain (VAS> 5
immediately after training) was reported in 9% of the early sessions
(week 1þ2) and in 1% of later sessions (week 9þ 10). VAS> 51 day
after training was reported in 34% of the early sessions (week 1þ 2)
and 6% of the later sessions (week 9 þ 10). A session was skipped
due to pain on two occasions (one patient). No patients withdrew
from the intervention group due to pain or musculoskeletal injury.
One patient reported temporary swelling and pain of the knee joint.
Efﬁcacy of intervention
Primary outcome
For HOOS, ADL the intervention group scored 10.0 points 95%CI
[4.7; 15.3] higher compared to controls at follow-up (P < 0.001)
(Table II) with an effect size of 0.8 (Table III).
Secondary outcomes
All remaining HOOS subscales (‘pain’, ‘symptoms’, sports and
recreational function, hip related quality of life’) showed signiﬁcant
improvement in the intervention group (P-value< 0.03) (Table II)
with effect sizes between 0.4 and 0.6 (Table III).
Leg extension power
For both legs, the leg extension power was signiﬁcantly higher
in the intervention group compared to controls (P < 0.0001);
0.4Watt/Kg 95%CI [0.2 to 0.5] (Table II). Effect sizes were 0.5 (un-
affected leg) and 0.6 (affected leg) (Table III).
Discussion
To our knowledge, this study is the ﬁrst to report on preopera-
tive progressive explosive-type RT in symptomatic hip OA patients
scheduled for THA.
The intervention was feasible in the included group of hip OA
patients in terms of adherence to training and exercise related pain.
No serious adverse events or drop-outs were reported.
The study showed signiﬁcant improvements in favour of inter-
vention for self-reported ADL function (primary endpoint) as well
as the secondary patient reported endpoints and leg muscle power.Table II
The effects of explosive-type resistance training on patient reported outcomes and leg e
group differences are x(95%CI). Between-group difference at follow-up is adjusted for ba
Intervention group Control g
Outcomes Baseline Follow-up Baseline
Primary outcome HOOS
ADL function 49.2 (12.5) 59.9 (17.1) 48.1 (13.
Secondary outcomes HOOS
Pain 48.0 (12.7) 55.4 (16.9) 46.3 (14.
Symptoms 44.5 (16.4) 56.6 (19.8) 43.1 (18.
Sports & recreation 28.1 (15.2) 38.5 (18.9) 27.8 (17.
Hip related QOL 32.1 (14.4) 38.8 (17.2) 29.2 (15.
Secondary outcomes leg extension power
Affected side (Watt/Kg) 1.5 (0.6) 1.9 (0.7) 1.4 (0.7
Unaffected side (Watt/Kg) 1.9 (0.7) 2.2 (0.8) 1.8 (0.8
* Adjusted for baseline, sex, age and BMI.Feasibility of preoperative progressive explosive-type RT in hip OA
patients
Intervention was well accepted according to adherence and
compliance. No exercise related drop-outs or serious adverse
events were reported. These observations are similar to previous
studies of preoperative exercise therapy14,38e40. According to ex-
ercise related pain, acceptable pain immediately after training
(VAS 5) was reported in 95% of all sessionswith low prevalence of
VAS> 5. As expected for untrained individuals, the intervention
group reported exercise induced delayed onset of muscle soreness
the day after training. VAS> 5 the day after trainingwas reported in
approximately 1/3 of the sessions during the initial 2 weeks of the
exercise program; however, acceptable pain (VAS  5) within the
training day and the following day was reported in 83% of all ses-
sions. Feasibility according to exercise related pain is not commonly
reported but Ageberg et al., 2010 reported similar levels of
acceptable immediately post exercise pain (93.8 % of the sessions)
during a preoperative neuromuscular training in patients with OA
of the hip and knee, indicating medium to high intensity explosive-
type RT to be equally feasible26.Efﬁcacy of preoperative exercise therapy in hip OA patients
Preoperative exercise therapy in patients scheduled for THA
have previously been investigated within a variety of
interventions11,14,16,38e42.
Few studies have included various types of ‘strengthening ex-
ercises’ in preoperative interventions14,16,39,40,42. Opposed to the
present ﬁndings, all studies except one reported no signiﬁcant
change muscle function prior to surgery14. Previous interventions
may not have provided sufﬁcient loading and/or progression to
improve muscle function since only one previous study qualify forxtension power. Outcomes at baseline and follow-up are x±SD. Adjusted between-
seline, sex, age and BMI
roup Adjusted between-group difference at follow-up*
Follow-up
8) 48.7 (13.9) 10.0 (4.7e15.3)
4) 45.9 (14.1) 8.4 (2.5e14.3)
5) 45.4 (16.7) 10.4 (4.4e16.5)
7) 28.6 (15.4) 10.0 (3.7e16.3)
6) 31.2 (13.9) 6.1 (0.7e11.5)
) 1.4 (0.7) 0.4 (0.3e0.5)
) 1.7 (0.8) 0.4 (0.3e0.5)
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progressive RT (applied both before and after surgery) was reported
to increase leg muscle strength in hip OA patients). However, the
size of the effect was not reported and since the intervention group
received progressive RT both before and after surgery it was not
possible to determine the isolated effect of the preoperative part of
the intervention14,16.
The patient's perspective is of primary interest in the evaluation
of interventions in OA and using a validated patient reported
outcome as primary outcome is generally recommended43. In four
of the studies with strengthening exercise as an adjunct, ‘function’
was evaluated with validated patient reported outcomes (HOOS or
WOMAC)14,39,40,42 but only two studies14,40 observed a signiﬁcant
effect on function in favour of exercise indicating only limited value
for ADL improvement.
A meta-analysis of preoperative interventions including both
strengthening, ﬂexibility, and/or aerobic activities in hip and knee
replacement surgery reported medium size effect on self reported
pain and function11. A recent RCT evaluating preoperative neuro-
muscular training (without progressive RT) reported a medium
effect size regarding both ADL function and pain in hip OA patients
prior to THA; however the effects was not sustained 3 month after
surgery28,29. Regarding muscle function, no signiﬁcant effect on
single joint muscle power or leg extension power was found at
preoperative follow-up29. However, a signiﬁcant effect in single
joint muscle power was reported at 3 months follow-up after sur-
gery28. In comparison, the present study show a large size effect on
self-evaluated ADL function (Hedges g; 0.8) and medium size effect
(Hedges g; 0.5e0.6) on pain and muscle function (leg extension
power) following 10 weeks of explosive-type RT. The heterogeneity
concerning the outcome measures is a major restriction for com-
parison of studies and only one previous study combines self-
reported outcomes with muscle function outcomes40. Conclusions
concerning possible effects of previous intervention studies are
further compromised by small sample sizes and unclear deﬁnitions
of key aspects of the interventions (intensity, training volume, dose,
duration, and progression)13.
As the duration of the intervention is an aspect of the total
amount of exercise it may also be of importance that all previous
studies have shorter interventions (3e8 weeks) compared to the
present 10 weeks. Our results might be explained by the systematic
and progressive setting of isolated RTover 10weeks in small groups
assisted by dedicated physiotherapist, as dose and progression of
previous interventions may not comply with the general recom-
mendations regarding RT exercise44.
Clinical implications
Our ﬁndings indicate that progressive explosive-type RT is
feasible in patients with hip OA scheduled for THA and signiﬁcantly
increases self reported ADL function by 10 points compared with
CG (P ¼ 0.001), which is according to the a priori deﬁnition of a
‘clinically relevant’ difference28. However, there is no consensus
cut-point to deﬁne a clinically relevant difference for HOOS out-
comes in hip OA patients prior to THA. A change of 7.9 on the
WOMAC ‘function’ has been reported a ‘minimal clinical important
improvement’ in hip OA patients in medical treatment not sched-
uled for surgery45. Since the subscale ‘ADL function’ within HOOS
and WOMAC is identical, the present between group-difference of
10 points may represent a clinically relevant effect. For patients
with less severe symptoms, an absolute improvement in function of
10points may even become relevant for postponing or cancelling
surgery45. Establishing cut points for minimal clinical change
(MCII) for patient reported outcomes have been attempted in
relation to the surgical intervention (THA) were indices ofimprovements between 38% and 55% were needed46. However, the
MCII for a surgical procedure may not be readily comparable with
interventions based on exercise considering the large differences in
cost and risks.
Leg muscle power is highly correlated with physical functioning
in elderly17,47. The current improvements in leg muscle power are
comparable with similar interventions in healthy elderly without
OA19,20 indicating progressive explosive-type RT to be an effective
intervention for improving muscle function in symptomatic hip OA
patients scheduled for THA.
Since low pre-operative patient-reported function and muscle
strength is associated with poor functional outcome after THA, the
present observed improvements in both self-reported function and
muscle function prior to surgery may have a clinically relevant ef-
fect on post-surgical rehabilitation after THA9,10.
Limitations
A major limitation to the study is the risk of assessor bias, i.e., a
combined test and training site was used which made sufﬁcient
masking impossible. Assessor bias may cause invalid conclusions
regarding the intervention effect48. In order to diminish this source
of bias, a standardized protocol was followed strictly during the
collection of muscle power outcomes. Moreover, the HOOS ques-
tionnaire which included the primary endpoint was a patient-
reported outcome and answered without involvement by the
assessor and therefore should not be subject to assessor bias. The
data registration was performed blinded for allocation by a third
person otherwise no involved in the study.
The external validity of the ﬁndings might be harmed by the
number of eligible non participants in the study and should be
considered before generalization of the results. The exclusion of
patients with severe needs for walking assistance, hinder the im-
plications in patients with major mobility deﬁcits. Also patients
employed in day time jobs may ﬁnd it difﬁcult to participate in
sessions within normal working hours. However, only a minor
number of patients reported problems attending their jobs as the
major cause for declining participation.
The shorter time of up to 6weeks to surgery in the control group
may hamper the internal validity. On the other hand this has
strengthened the external validity as this would happen in the daily
clinic. In addition, a recent meta-analysis provides strong evidence
that self reported pain and function in hip OA patients do not
deteriorate during waiting times (<180 days) to THA49. In the pa-
tient's perspective, the waiting time to surgery is important and
future research should attend the dose of the intervention since the
current study does not indicate the adequate duration and fre-
quency of a preoperative explosive-type RT intervention.
Conclusion
Progressive explosive-type RT was feasible in the present group
of patients with hip OA scheduled for THA. The intervention
signiﬁcantly improved preoperative self reported outcomes
including physical function (primary endpoint) and pain, hip
related quality of life and leg muscle power was increased. The
effect sizes indicate that progressive explosive-type RT of medium
to high intensity twice a week for a period of 10 weeks is an
effective intervention for improving ADL, function in hip OA pa-
tients prior to THA.
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